We have constructed an all-sky catalog of optical AGNs with z < 0.09, based on optical spectroscopy, from the parent sample of galaxies in the 2MASS Redshift Survey (2MRS), a near-complete census of the nearby universe. Our catalog consists of 1929 broad line AGNs, and 6562 narrow line AGNs which satisfy the Kauffmann et al. (2003) criteria, of which 3607 also satisfy the Kewley et al. (2001) criteria. We also report emission line widths, fluxes, flux errors, and signal-to-noise ratios of all the galaxies in our spectroscopic sample, allowing users to customize the selection criteria. Although we uniformly processed the spectra of galaxies from a homogeneous parent sample, inhomogeneities persist due to the differences in the quality of the obtained spectra, taken with different instruments, and the unavailability of spectra for ∼20% of the galaxies. We quantify how the differences in spectral quality affect not only the AGN detection rates but also broad line to narrow line AGN ratios. We find that the inhomogeneities primarily stem from the continuum signal-to-noise (S/N) in the spectra near the emission lines of interest. We fit for the AGN fraction as a function of continuum S/N and assign AGN likelihoods to galaxies which were not identified as AGNs using the available spectra. This correction results in a catalog suitable for statistical studies. This work also paves the way for a truly homogeneous and complete nearby AGN catalog by identifying galaxies whose AGN status needs to be verified with higher quality spectra, quantifying the spectral quality necessary to do so.
INTRODUCTION
Optical line analysis is currently the most robust method available for identifying active galactic nuclei (AGNs) (Padovani et al. 2017) . The presence or absence of broad Balmer lines is also the best indicator of the orientation (face-on vs. edge-on) of the accretion disk and parsec-scale dusty "torus". Uniformly selected all-sky AGN catalogs at other wavelengths, such as the hard X-ray Swift-BAT AGN catalog (Baumgartner et al. 2013 ), the infrared WISE AGN catalog (Assef et al. 2018) , the all-sky near-by radio galaxy catalog (van Velzen et al. 2012) , and even the spectroscopic follow-up of the BAT catalog (e.g., Koss et al. 2017) , are available. However, an all-sky uniformly selected optical AGN catalog has not previously been constructed.
An all-sky optical AGN catalog is important for comparisons with all-sky catalogs at other wavelengths. Studies have shown that AGN identification in different wavelengths select overlapping but non-identical samples of AGNs (e.g., Azadi et al. 2017) . Furthermore, optical spectroscopy could be missing a large fraction of obscured AGNs detected in the infrared (e.g., Goulding & Alexander 2009 ). Some studies have suggested that optical AGNs are a disjoint population from X-ray AGNs (Arnold et al. 2009 ) (but see (Dai & Farrar 2017) , which refutes this) and there is debate as to the presence of a bimodality in radio loudness (e.g., Singal & Laxmi Singh 2013) . However, these analyses have been performed only on a small portion of the sky and/or with a small sample. A complete census of optical AGNs in the nearby universe is necessary to determine the full extent of the overlap, or lack thereof, between AGNs selected at different wavelengths. It will also provide a first step in understanding whether these differences are simply due to selection biases or more fundamental differences in the physics of AGNs, such as whether AGNs identified in different wavebands result from differences in accretion states. In addition, an all-sky optical AGN catalog is essential for statistical correlation studies with phenomena possibly linked to AGN such as ultra-high energy cosmic rays (e.g., Abraham et al. 2007; Abreu et al. 2010) or to search for phenomena found only in some AGNs, such as water maser emission primarily found in a subset of narrow line AGNs (e.g., Braatz et al. 2004; Kondratko et al. 2006; Zhu et al. 2011) .
The most complete listing of optical AGNs at all redshifts is the Veron-Cetty & Veron Catalogue of Quasars and Active Galactic Nuclei, 13th edition (Véron-Cetty & Véron 2010, VCV catalog), a collection of optical AGN candidates reported in literature. While this catalog is a superset of all other optical AGN catalogs, it is incomplete and highly inhomogeneous , since the AGN candidates are detected by different instruments from observations which target different parts of the sky with different depths. Furthermore, it is also not "pure" and contains star forming galaxies previously misclassified as AGNs (Zaw et al. 2009; Terrano et al. 2012) . It was used in statistical correlation studies such as comparison with the arrival direction of ultra-high energy cosmic rays (UHECRs) (e.g., Abraham et al. 2007; Abreu et al. 2010) . Unfortunately, the shortcomings of the catalog used for the correlation studies make the tantalizing and persistent, but low significance (2-to 2.7-σ), result impossible to interpret reliably. The sources of UHECRs, with energies above ∼ 5 × 10 19 eV, have the double constraint that they must be energetic enough to accelerate particles to such energies and be within distances of order 100 Mpc due to the Greisen-ZatsepinKuzmin (GZK) effect. AGNs remain a leading candidate for the acceleration of UHECRs but a uniform, complete, nearby AGN catalog is needed to determine whether UHECRs originate from AGNs.
We have constructed an all-sky, uniformly-selected and processed AGN catalog from optical spectra of the galaxies in the 2MASS Redshift Survey (Huchra et al. 2012, 2MRS) , a near-complete map of the nearby (out to z 0.09) universe and a uniform parent sample. We have collected spectra for ∼80% of the galaxies and after initial quality cuts, apply uniform spectral fitting and AGN identification procedures to the remaining sample. We also report emission line widths, fluxes, flux errors, and signal-to-noise ratios, allowing users to customize the selection criteria. Although our parent galaxy sample is complete, the spectral sample was compiled from different sources. The intrinsic differences in spectral qualities of our subsamples present a challenge to constructing a homogeneous catalog. We take advantage of this diversity to quantify the effects of data quality on AGN identification. This is important not only for the current analysis but in comparing AGN detection rates and broad line to narrow line AGN ratios obtained with different optical surveys. Furthermore, we develop a method to statistically compensate for the inhomogeneity and incompleteness in AGN identification due to low spectral signal-to-noise. This paper is organized as follows. Section 2 describes our spectroscopic sample. Section 3 describes the methods we used to isolate the emission lines and identify AGNs. The validation of our method and cross checks are presented in Section 4. Section 5 describes our AGN catalog. A study of the impact of spectral signal-to-noise and resolution on AGN detection rates is presented in Section 6 with a method to statistically correct for the resulting incompleteness and inhomogeneity presented in Section 6.3. Our findings are summarized in Section 7. The table lists the total number of 2MRS galaxies in each subsample, N2MRS, the number for which we have spectra, Nspectra, and the number in our final spectral sample after the Galactic plane (|b| > 10 • ) and telluric contamination cuts have been applied, N sample , as well as the wavelength range and resolution of each processed subsample. The 6dF spectra were taken in two bands, designated V-band and R-band, and each has a different resolution.
SPECTROSCOPIC SAMPLE OF GALAXIES
We take the 2MASS Redshift Survey (Huchra et al. 2012, 2MRS) as the parent sample for constructing our all-sky optical AGN catalog. The 2MRS galaxy catalog, a compilation of redshifts for 43,533 galaxies with K s ≤ 11.75 (mean z = 0.03) and Galactic latitude |b| > 5
• (8 • toward the Galactic bulge) in the Two Micron All-Sky Survey (Skrutskie et al. 2006, 2MASS) , is a near-complete (91% of the sky) census of galaxies in the near-by (z 0.09) universe (above the flux limit). Nearly half of redshifts in 2MRS were taken from large surveys for which the digital spectra are publicly available, namely the 6dF Galaxy Survey (Jones et al. 2004 (Jones et al. , 2009 and the Sloan Digital Sky Survey (Aihara et al. 2011, SDSS) . For an additional quarter of galaxies for which no redshift measurements were available, the 2MRS team took spectra with the the long-slit FAst Spectrograph for the Tillinghast telescope (Fabricant et al. 1998 , FAST) on the 1.5 m Tillinghast reflector at the Fred L. Whipple Observatory (FLWO) for northern galaxies and the CHIRON spectrograph on the 1.5 m SMARTS telescope and R-C grating spectrograph on the V.M. Blanco 4.0 m telescope at the Cerro Tololo Interamerican Observatory (CTIO) in the South. For the remaining quarter of galaxies, redshifts were compiled from the NASA Extragalactic Database (NED), from more than 550 references, and the optical spectroscopic CfA Redshift Catalog (ZCAT). The sky distributions of these different 2MRS subsamples is shown in Figure 1 . Optical spectra are available for a majority of the 2MRS galaxy sample.
We have collected optical spectra for ∼80% of the 2MRS galaxies by gathering the public digital optical spectra from SDSS and 6dF, obtaining the private FAST and CTIO spectra (courtesy of Lucas Macri), and downloading the spectra available in the NED database. The spectra were matched to the 2MRS objects either from their identification numbers, when possible, or counterparts were identified by requiring that the angular separation and redshift difference be within the errors of the respective samples. The 3229 spectra we compiled from NED were taken with tens of different instruments and have disparate spectral coverage, resolution, and quality. Since it is virtually impossible to treat these spectra uniformly, we do not include them in our sample. Our spectroscopic sample for AGN identification has four main subsamples, 6dF, SDSS, FAST, and CTIO, in descending order by size, as listed in Table 1 .
The detailed description of the differences in the spectra of our subsamples can be found in Huchra et al. (2012) . We have listed the the relevant parameters, namely the wavelength ranges and spectral resolution, of the spectra from each subsample (6dF, SDSS, FAST, and CTIO) in Table 1 . Each 6dF spectrum is composed of two spectra with different spectral resolution, the V-band spectrum with the wavelength range 3900-5600Å and the R-band spectrum with the wavelength range 5400-7500Å. In addition, the spectra in the different subsamples have different signal-to-noise (S/N) ratios. We define the S/N in each wavelength bin as the data divided by the error provided in the error spectrum. The S/N values are wavelength dependent. The mean and standard deviations of the S/N for the subsamples at various (continuum) wavelengths are shown in Figure 2 . Overall, the SDSS spectra have the widest wavelength coverage, the best spectral resolution, and the highest (average) S/N. The 6dF, FAST, and CTIO spectra have lower S/N than SDSS spectra but are comparable to each other. Furthermore, the SDSS subsample has absolute flux calibration while the other three subsamples do not. 1 This overlap will result in incorrect [N II] and Hα fluxes. While the SDSS spectra have been corrected for this telluric contamination, the 6dF, FAST, and CTIO subsamples do not have this correction applied. Therefore, we exclude the 6dF, FAST, and CTIO galaxies (∼14%) which fall within this redshift range from our sample, unless the spectra show a clear sign of broad Hα emission.
The 2MRS sample contains redshifts for galaxies within 5
• or 8
• (toward the Galactic bulge) of the Galactic Plane. However, they mainly come from the NED sample and there is higher incompleteness in this region. Therefore, we impose a larger Galactic Plane cut of |b| > 10
• to improve the homogeneity of completeness in our sample. Our final spectral sample consists of 26,547 galaxies. The detailed breakdown of the 2MRS parent sample, number of galaxies with available optical spectra, and the final sample for AGN identification after the requirements described above, are given in Table 1 . Figure 3 shows the ratio of galaxies in our final spectroscopic sample to the number of galaxies in 2MRS, across the sky and in redshift. The completeness of our sample is largely uniform in the southern hemisphere where 6dF dominates. In the North, the completeness is highest in the SDSS footprint. The completeness in redshift is largely uniform except for the telluric contamination range when we only have data from SDSS.
SPECTRAL FITTING AND AGN IDENTIFICATION
We identify AGNs by first subtracting the stellar absorption and continuum emission from the host galaxy and then analyzing the emission lines.
3.1. Subtraction of Host Galaxy Contribution to the Spectrum Figure 3 . The sky (left, divided into 768 equal area regions) and redshift (right) distributions of the 2MRS galaxies in our sample. Each pixel in the sky distribution and each bin in the redshift distribution shows the ratio of the number of galaxies in our spectroscopic sample to the total number of galaxies in 2MRS. The completeness of our sample is largely uniform in the southern hemisphere where 6dF dominates. In the North, the completeness is highest in the SDSS footprint. The completeness in redshift is largely uniform except for the telluric contamination range when we only have data from SDSS.
The optical spectrum for a galaxy contains a mix of contributions from the galaxy and the AGN, if present. We subtract the stellar absorption and continuum emission from the galaxy by modeling them using full spectrum fitting with a stellar population model. A stellar population model (SPM) is constructed from a stellar library, a set of empirical or theoretical spectra of stars with different temperatures and metallicities, assuming an initial mass function (IMF) of stars in a given burst of star formation, and integrating along an isochrone, a curve on the HertzsprungRussell diagram populated by stars of the same age and metallicity. Doing so yields a set of single stellar populations (SSPs), where each SSP is a spectrum of a stellar cluster with a given age and metallicity. Since there are many possible choices for stellar libraries, IMFs, and isochrones, many SPMs are available. The systematic differences in AGN identification due to the choice of SPM is explored in detail by Chen et al. (2018) .
SPMs based on theoretical stellar libraries are subject to model dependence on line profiles and opacity uncertainties. Empirical stellar libraries are not model dependent but need to a large number of observed stars that cover the parameter space as completely as possible. The MILES SPM (Vazdekis et al. 2010 ) is constructed from the MILES stellar library (Falcón-Barroso et al. 2011) , currently the largest and most well calibrated empirical stellar library. The MILES stellar library consists of 985 stars with a wavelength range of 3525-7500Å and a spectral resolution of 2.5Å. In this work, we use the MILES SPM, with a unimodal IMF of slope 1.3, the Salpeter IMF (Salpeter 1955) , and the Padova isochrone (Girardi et al. 2000) . It contains SSPs with ages from 63 Myr to 17.78 Gyr and metallicities ranging between [M/H] = -2.32 and +0.22.
For each spectrum in our galaxy sample, wavelength ranges with emission lines and telluric contamination bands are masked. Since, each galaxy from 6dF was observed in two bands, V (4000-5500Å) and R (5500-7500Å), we combine them into a single spectrum by matching in the overlap region, and smooth the combined spectrum to the lower (R-band) resolution, before fitting. The SSPs are broadened to match the spectral resolution of the observed spectra. Each data spectrum is fit as a linear combination of the MILES SSPs using the full-spectrum-fitting program pPXF (Cappellari & Emsellem 2004) . A large fraction of the spectra are fit by a linear combination of one or two SSPs and nearly all have fewer than five SSPs in the linear combination. For the SDSS spectra only an overall normalization is added to the templates. For 6dF, CTIO, and FAST spectra which do not have absolute flux calibration, the fitting algorithm adds a polynomial, of up to eighth order, to account for the instrumental effects on the spectral shape. The fitting algorithm further broadens the templates with a Gaussian kernel to mimic the stellar velocity dispersion in the integrated spectrum of the host galaxy. The fits are required to yield a physical stellar velocity dispersion, σ fit < 1000 km/s, in order to be considered acceptable. The fitting routine uses the error spectrum, provided with the data, to calculate a reduced χ 2 value for each acceptable fit. The acceptable fit with the lowest reduced χ 2 is taken to be the best fit spectrum for the galaxy. Figure 4 shows a typical spectrum from the SDSS sample (black), the error (blue), the best fit (red) and the residual spectra after subtraction in the regions around the emission lines used for AGN identification. For the rare cases where the template fitting fails (5 spectra in SDSS, 14 in FAST, 164 in 6dF, 386 in CTIO), we fit for the continuum in the wavelengths on either side of the emission lines of interest and interpolate. In these cases, no Hα and Hβ stellar absorption contributions are subtracted. If the template fitting failed because there is no significant absorption, this procedure does not introduce any bias. However, if the failure is due to low spectral signal-to-noise, the Hα and Hβ emission will be underestimated and the line ratios will be overestimated, leading to a systematically higher number of galaxies identified as AGNs. The AGNs which are identified after this "local fitting" procedure are marked as such in the catalog and constitute only a few percent of the total AGN sample. Figure 5 shows the distributions of reduced χ 2 from the best fit SSP linear combinations. As expected, the distributions (left panel) for the SDSS, 6dF, and FAST subsamples peak near χ 2 = 1 and follow a normal χ 2 distribution. The differences in the widths are likely due to the fact that the different subsamples have different spectral resolutions, i.e. different numbers of wavelength bins, and, therefore, numbers of degrees of freedom. The CTIO subsample, however, shows a broad second peak extending to χ 2 ∼ 10. We examine a random selection of the CTIO spectra with large reduced χ 2 values from their SSP fitting and find that the residual errors show a random (Gaussian) distribution rather than a systematic deviation from the fit. Therefore, we suspect that the errors are underestimated by a uniform multiplicative factor. Since the error spectrum is used to determine the S/N of the emission line fluxes, we need to correct the errors.
Correction of Underestimated and Missing Error Spectra
In order to find an underlying cause for the error mis-estimation, we plot the SSP reduced χ 2 values versus sky location, redshift, and date of observation. We find that on any given day or set of adjacent days, which we call an "observing run", the reduced χ 2 distribution has a single peak, but that on different observing runs, the peaks are at different values. This indicates that errors were uniformly underestimated for some of the runs. To correct for these underestimation, we fit the reduced χ 2 distribution for each run with the χ 2 distribution function letting the peak value vary. Then we multiply the errors for each wavelength bin of each spectrum in the run by the square root of the peak value. The right panel of Figure 5 shows the distributions of reduced χ 2 after correction; the CTIO distribution has a single peak near 1.0 as expected. From the reduced χ 2 distributions, we find the values that contain 99% of the galaxies with successful fits, namely 2.55, 6.05, 3.75, and 7.15, for SDSS, 6dF, FAST, and CTIO, respectively; we keep only the galaxies with reduced χ 2 less than these values. In addition to mis-estimated errors, 218 spectra in the CTIO sample did not have associated error spectra. For those galaxies, we used the average of the corrected error spectra for the observing run of the galaxy. Similarly, 35 FAST spectra did not have error spectra. For those we use the average of the error spectra in the FAST sample. While these average error spectra are not the true error spectra, they are the best estimates available.
AGN Identification
In the unified model of AGNs (e.g., Antonucci 1993; Urry & Padovani 1995) , if our view of an AGN is unobscured, i.e. seen face-on, the spectrum contains Doppler-broadened Hα and Hβ components from the gas clouds rapidly orbiting the supermassive black hole (SMBH) within the central parsec of the AGN. Such a system is called a "broad line" or "Type 1" AGN. If, instead, an AGN is observed edge-on, through the obscuring parsec-scale dusty material, only the narrow forbidden lines, from clouds hundreds to thousands of parsecs from the central engine, are visible in the spectrum. This kind of AGN is called a "narrow line" or "Type 2" AGN. After subtraction of the host galaxy contribution, the residual spectrum is fit with Gaussians to determine the full width at half maximum (FWHM) and flux of each of these four lines. For the [N II]-Hα complex where the lines are blended together, we use three or four Gaussians to fit all the emission components simultaneously. Figure 6 shows an example of the quadruple Gaussian fit (the two narrow [N II] lines, broad Hα, and narrow Hα). The flux of the line is obtained by summing the fluxes in the wavelengths bins within 3σ of the fitted peak, where σ is the fitted width of the Gaussian. The flux error is obtained by adding, in quadrature, the value of each bin within 3σ of the fitted peak in the error spectrum. A broad Hα line is considered to be detected if the broad Hα flux divided by the flux error is more than 2.0. If the broad Hα component does not meet the criterium for an emission line, the [N II]-Hα is refit with three Gaussians for a better determination of the narrow line fluxes.
We identify Type 1 AGNs by the presence of a broad component of Hα with S/N ≥ 2.0 (3.0 for SDSS) and the widely used requirement (e.g., Eun et al. 2017; Ho et al. 1997; Schneider et al. 2010; Stern & Laor 2012; Vanden Berk et al. 2006) of full width at half maximum (FWHM) ≥ 1000 km s −1 . Since Hβ is generally weaker, we do not impose any requirements for the presence of a broad Hβ line. However, if we find a broad Hβ line but not a broad Hα line, we also accept that galaxy as a Type 1 AGN. There are only five such galaxies in our sample. A weak broad component of Hα may be unidentified in low signal-to-noise cases.
When a broad line is not present, we use the ratios of the fluxes of the narrow forbidden lines, [O III] and [N II], to the fluxes of the narrow hydrogen Balmer lines Hβ and Hα, respectively, to identify AGNs. Star formation can also excite the forbidden lines but their ratio to the Balmer lines is lower than the forbidden lines excited by AGNs. The use of these line ratios was first proposed by Baldwin, Phillips, & Terlevich (1981) The first, developed by Kewley et al. (2001) , is based on theoretical modeling of maximal line ratios possible in star formation, and the second, developed by Kauffmann et al. (2003) , is based on empirical studies of SDSS galaxies. Those galaxies falling above the Kewley et al. (2001) line have forbidden line emission dominated by the AGN and those between the Kewley et al. (2001) and Kauffmann et al. (2003) lines are "composite" galaxies with mixed AGN and star formation contributions. We use the Kauffmann et al. (2003) line to identify AGNs for our catalog. If an AGN is also above the Kewley et al. (2001) line, we mark it as such.
VALIDATION OF METHOD AND CROSS CHECKS
The SDSS subsample provides an ideal sample for checking our method and results. It has spectra with the highest S/N and absolute flux calibration and line measurements for the sample have been published (e.g., Aihara et al. 2011; Greene & Ho 2007; Thomas et al. 2013) . We also use the results from the SDSS spectra to compare with those from 6dF for the galaxies which have been observed with both instruments. This step allows us to study the effects of signal-to-noise. Since the 6dF, FAST, and CTIO spectra are of similar data quality, results from the SDSS-6dF comparison can be applied to the FAST and CTIO subsamples.
Validation of Type 1 AGN Identification
We first check our broad line AGN identification. We compare our broad line AGN determination against the SDSS Seyfert 1 sample published by Greene & Ho (2007) . We cross match 2MRS to this sample and find 176 Type 1 AGNs that Greene & Ho (2007) determine to have Hα FWHM ≥ 1000 km/s. All of them are identified as Type 1 AGNs in our analysis. Therefore, we are confident that our method correctly identifies broad line AGNs.
Validation of Type 2 AGN Identification
In order to validate our narrow line AGN identification, we begin by checking our flux measurements. Figure 7 shows the comparison of the narrow line fluxes from SDSS Data Release 8 (Aihara et al. 2011, DR8) against ours, for the four lines used in AGN identification. Our measurements correlate tightly with those from SDSS. All four slopes are close to 1.0, though slightly different for each of the four lines, and the relation shows some scatter. We note that we use the MILES stellar population model (SPM) while SDSS uses the Bruzual & Charlot (2003) (BC03) SPM, so some differences are expected. As explained below, while BC03 was the best available model at the time of DR8, MILES templates are based on a better stellar library and give more correct results. Figure 8 shows the comparisons of the flux errors from DR8 and those we have determined. The errors show general agreement but the scatter is larger than the scatter in the fluxes. We note that these errors do not include the contributions from the galaxy contribution and emission line fitting procedures. We have performed Monte Carlo studies where we vary the noise and repeat the fitting procedure 100 times per spectrum for ∼20 galaxies. These studies show that the contribution from the fitting procedure could increase the error by up to a factor of two. Performing this procedure on all spectra is too computationally intensive to be practical, however the fact that both the fluxes and flux errors are consistent with those published by SDSS gives us confidence that our method is sound and that our signal-to-noise cuts are comparable to other analyses.
Dependence of Line Ratios on Stellar Population Models
Our calculated line fluxes correlate well with the values published in SDSS DR8, but a more crucial check for AGN identification is whether the line ratios also agree. Our line ratios are systematically different from those of SDSS DR8 and of Thomas et al. (2013) , both publicly available for the full SDSS sample. These differences are due to the different stellar population models used to subtract the host galaxy contribution in the three analyses. As detailed in Section 3.1, we use the MILES (Vazdekis et al. 2010 ) stellar population model (SPM) while SDSS DR8 uses the Bruzual & Charlot (2003, BC03 ) SPM and Thomas et al. (2013) uses only the solar metallicity single stellar population templates (SSPs) from the MILES-based Maraston & Strömbäck (2011) SPM (MS11 solar ). The complete analysis has been published in our paper Chen et al. (2018, CZF18) . The results, summarized below, give us confidence that the MILES templates yield line fluxes, and ratios, that are more correct than those based on BC03 and MS11 solar . Equally importantly, the CZF18 analysis shows that large systematic differences can result due to a choice of stellar population models and these effects must be taken into account when constructing or using any optical AGN catalog. Figure 9 shows the BPT diagrams for the full SDSS subsample using line ratios from this work (top), SDSS DR8 (bottom, left), and Thomas et al. (2013) (bottom, right) , with the Kewley et al. (2001) demarcation line shown in red. It is evident that the DR8 line ratios are systematically higher than ours, shifting more galaxies into the AGN region, while the Thomas et al. (2013) line ratios are systematically lower, shifting galaxies into the star forming region. The fraction of galaxies which shift from AGN to star forming or vice-versa is only a few percent for high luminosity AGNs but can be up to 50% for AGNs with [O III] luminosity less than 10 38 erg s −1 . In the full sample, ∼25% of galaxies identified as Type 2 AGNs from the SDSS DR8 line ratios are not AGNs based on our results and ∼22% of the galaxies identified as AGNs by us fall below the line when using Thomas et al. (2013) line ratios. These discrepancies are due to the differences in the stellar population models. The discrepancies with Thomas et al. (2013) is more surprising at first because the stellar population templates used are also based on the MILES stellar library. However, Thomas et al. (2013) only used the templates with solar metallicity to lower computing time, claiming that there is a degeneracy in age and metallicity. While it is true that there is a degeneracy in age and metallicity when fitting only colors, the degeneracy is lifted when both the continuum and absorption lines are fitted simultaneously (e.g., Reichardt, Jimenez, & Heavens 2001) . A large majority of our best fits are with templates which have higher-than-solar metallicity. The absorption lines of solar metallicity templates are deeper than those with super-solar metallicities. Therefore, we deduce that the Hα and Hβ emission line fluxes from Thomas et al. (2013) are systematically too large and the BPT line ratios are systematically lower. Figure 9 . Top: BPT diagram for the SDSS subsample using MILES templates to subtract the galaxy contribution from the spectrum. Star-forming galaxies are shown as grey crosses and AGNs as blue triangles. The included galaxies are required to have S/N ≥3 for all four narrow lines used in Type 2 AGN identification. Bottom, left: BPT diagram with line ratios for the same galaxies, but using BC03 for for subtraction of host galaxy contribution. Bottom, right: BPT diagram for the same galaxies, but using MS11 solar for subtraction of host galaxy contribution. As further explained in the text, the BC03 templates have shallower Hα and Hβ lines due to the smaller parameter space coverage of the underlying stellar library, resulting in systematically higher line ratios. We also find that these galaxies have higher-than-solar metallicity in the MILES fits. When fitting with MS11 solar , using only the solar metallicity templates results in higher Hα and Hβ emission, and, consequently, systematically lower line ratios. This figure is reproduced from Chen et al. (2018) by permission of the AAS.
Dependence of AGN Identification on Emission Line Signal-to-Noise Requirements
As noted before, the SDSS subsample has the highest quality spectra. Having validated our method on the SDSS sample, we need to understand how the results will change when applied to noisier spectra. As seen earlier in Figure 2 , the 6dF, FAST, and CTIO spectra have lower continuum signal-to-noise (S/N) throughout the entire wavelength range, compared to SDSS spectra. The extra noise also affects the ability to detect the emission lines with confidence, and we see, in Figure 10 , that 6dF, FAST, and CTIO subsamples have lower S/N for the line emission, compared to SDSS. In order for the catalog to be as homogeneous as possible, we want the AGN detection fraction for the four subsamples to be as close as possible. Since SDSS has higher S/N on average, requiring the same S/N for SDSS and the other three subsamples would necessarily result in a lower AGN detection rate for the galaxies with 6dF, FAST, and CTIO spectra. Fortunately, the SDSS footprint overlaps that of 6dF in the three stripes in the southern hemisphere. We use the 382 galaxies in 2MRS that have spectra from both SDSS and 6dF to assess the impact of line S/N on AGN detection rate. Of these, 334 galaxies have 6dF spectra outside the telluric contamination redshift range. Signal-to-noise affects the detection of both Type 1 and Type 2 AGNs. Figure 11 shows an example of a galaxy for which a broad Hα component was detected in the SDSS spectrum but not the 6dF spectrum. Broad line AGNs generally have strong narrow line emission as well, and when the broad line is not evident, can often be identified as AGNs from their narrow lines. We use the sample of galaxies with SDSS and 6dF spectra to study the differences in Type 2 AGN detection rates due to line S/N.
We determine how low the S/N cut would have to be such that the same number of galaxies would be identified as Type 2 AGNs when using 6dF spectra as when using SDSS spectra. We find that lowering the 6dF S/N cut to 1.20 for all four lines, gives the same fraction of detected Type 2 AGNs which meet the Kewley et al. (2001) criteria. However, when we plot these galaxies, with spectra from both SDSS and 6dF, on the BPT diagram, we find that the [N II]-Hα ratios fit from the 6dF spectra are systematically higher than those from the SDSS spectra, as shown in Figure 12 , left panel. This indicates that such a low cut on 6dF S/N does not yield reliable results.
Choosing an optimal S/N cut necessarily involves a trade off in purity, i.e. minimizing false positives, and completeness, i.e. minimizing false negatives. To find the correct balance we start with a 6dF S/N of 1.2 and raise it in small increments. At each step, we calculate the rate of false positives, defined as the number of AGNs (Type 1+Type 2) identified using 6dF spectra but not SDSS spectra divided by the number of AGNs identified from 6dF spectra, and Figure 11 . SDSS spectrum (left) and 6dF spectrum (right) for the same galaxy. The broad Hα is clear in the SDSS spectrum but is not detected in 6dF due to lower signal-to-noise. Figure 12 . Left: The BPT diagram of the galaxies with both SDSS and 6dF spectra, with all four narrow AGN diagnostic lines having S/N ≥ 3.0 (SDSS) and S/N ≥ 1.2 (6dF). The S/N cuts are set to give the same AGN fractions in both samples. The log([N II]/Hα) ratio is systematically higher for the 6dF measurements. Right: Same plot but with the 6dF spectra required to have S/N ≥ 2.0 for all four lines. The systematic differences between SDSS and 6dF are greatly reduced.
the rate of false negatives, defined as the number of AGNs (Type 1+Type 2) identified using SDSS spectra but not 6dF spectra divided by the number of AGNs identified from SDSS spectra. The results are shown in Figure 13 . We choose a requirement of S/N ≥ 2.0 for all four narrow lines in the 6dF spectra as a reasonable point for the trade off between false positives and false negatives. Figure 12 , right panel, shows the BPT diagram of AGNs with S/N ≥ 2.0 for all four lines in 6dF spectra, compared to the AGNs with S/N ≥ 3.0 using SDSS spectra. The systematic errors in 6dF [N II]/Hα line ratio are significantly reduced compared to the when the 6dF spectra were only required to have S/N ≥ 1.2.
Using the S/N≥2.0 cut, we further examine the AGNs identified from 6dF spectra but not SDSS spectra. We plot the line ratios from 6dF and SDSS spectra for these galaxies in Figure 14 and see that most of these are in fact above the Kewley et al. (2001) line on the diagram, but they did not have S/N ≥ 3.0 for all four lines in the SDSS spectra. Only three out of twelve are significantly below the Kauffmann et al. (2003) line. This indicates that only a few percent of the AGNs identified from the 6dF spectra with the lower S/N cut would not be identified as such from a higher quality spectrum. Since the FAST and CTIO samples have similar S/N to 6dF, we adopt the requirement of S/N ≥ Figure 13 . The rates of false positives (blue) and false negatives (red) in AGNs identified from 6dF spectra compared to SDSS spectra, as a function of the S/N requirement for the four Type 2 AGN identification lines.
2.0 for all four narrow lines for those subsamples as well. We also lower the S/N cut for broad Hα for 6dF, FAST, and CTIO to 2.0. Table 2 . The denominators for the fractions are the number of galaxies in a given subsample that have been processed (i.e. telluric free and outside the Galactic Plane). The inhomogeneities in these AGN fractions are due to the differences in spectral quality between the subsamples as further discussed in Section 6.
The distribution of the AGNs in our catalog across the sky and the BPT diagrams of the emission line galaxies in each of the four subsamples are shown in Figures 15 and 16 , respectively. As expected, we see more AGNs in the SDSS and 6dF regions than in regions covered only by FAST. The BPT diagrams shows a larger scatter for the 6dF, FAST, and CTIO galaxies due to the lower line S/N cut.
For the Type 2 AGNs in our catalog, we further delineate Seyferts and low-ionization nuclear emission line regions (LINERs) using the Kewley et al. (2006) criteria. The Seyferts and LINERs in each subsample are shown in Figure 17 . Although LINERs outnumber Seyferts in every subsample, SDSS, which has the highest S/N, has the highest LINER to Seyfert ratio. We infer that this is because LINERs have weaker emission lines and therefore, are preferentially lost in spectra with lower S/N. To test this hypothesis, we determined the LINER to Seyfert ratios with different S/N requirements and found that, as expected, the ratio decreases when the S/N is required to be higher. The details of our AGN identification method are described in Section 3. We reiterate the selection criteria here for convenience. We require a galaxy to satisfy the following requirements to be classified as an AGN:
• Spectrum from SDSS, 6dF, FAST, or CTIO, SDSS 6dF Figure 14 . BPT diagram of the AGNs identified from 6dF spectra (with S/N ≥ 2.0 for all four lines) but not SDSS spectra (with S/N ≥ 3.0 for all four lines) for the galaxies which have both 6dF and SDSS spectra. Only two of the eleven are clearly not AGNs and another is not an emission line galaxy according to its SDSS spectrum. The ones that have line ratios above the Kewley et al. (2001) line using their SDSS spectra do not pass the SDSS S/N cut. In total there are 56 AGNs identified from 6dF spectra. This indicates that the false rate for AGNs identified from 6dF spectra is only ∼5%. The table lists the number of AGNs in each subsample as well as the AGN fraction and error on the fraction, relative to the number of spectra in our final sample, for Type 1 (broad line), Type 2 (narrow line) according to the Kewley et al. (2001) (K01) criteria, and Type 2 according to the Kauffmann et al. (2003) (K03) criteria. The AGN fractions are not the same for the different subsamples due to the differences in signal-to-noise, spectral resolution, and spectral sampling of each subsample. As expected, the SDSS sample has the highest AGN fractions. For Type 1 AGN, 6dF has the second highest, and FAST and CTIO have similar fractions while all three have similar fractions for Type 2 AGN. The discrepancies in Type 1 AGN fractions between 6dF, FAST, and CTIO are due to spectral resolution, as discussed in Section 6.1 and shown in Figure 18 . • Spectrum does not have telluric contamination (galaxies in the range 0.0407 < z < 0.0511 are excluded for 6dF, FAST, and CTIO subsamples) 3 ,
• The galaxy is outside the Galactic Plane (|b| ≥ 10 • ),
• The reduced χ 2 from the SSP fitting must be less than 2.55, 6.05, 3.75, and 7.15, for SDSS, 6dF, FAST, and CTIO, respectively, keeping 99% of the subsamples, A sample of the catalog is shown in Table 3 . We provide the following properties of the AGNs:
• TMID: 2MASS ID, a combination of RA and Dec in sexagesimal units.
• RA: Right ascension in degrees.
• DEC: Declination in degrees.
• V: Velocity in km/s, heliocentric reference frame, i.e. corrected for the motion of the Earth around the Sun.
• CAT: Spectral source, 6=6dF, S=SDSS, F=FAST, C=CTIO. • Type: AGN Type, T1=Type 1, K01=Type 2 satisfying Kewley et al. (2001) criteria, K03 = Type 2 satisfying Kauffmann et al. (2003) criteria.
• S/N (4660-4810Å): Signal-to-noise ratio of the spectrum near the Hβ line. Since Hβ is the weakest of the four AGN identification lines, this is the measure of spectral quality which affects the ability to detect narrow emission lines for Type 2 AGN identification.
• S/N (6350-6540Å): Signal-to-noise ratio of the spectrum near the Hα line, the measure of spectral quality which affects the ability to detect the broad Hα line for Type 1 AGN identification.
• M K : Extinction corrected K s isophotal magnitude, this can be used to make a volume limited parent sample of galaxies.
• SSP χ 2 : The reduced χ 2 from SSP fitting.
We also provide an extended AGN catalog which includes the FWHM and S/N of the broad Hα line, used to identify Type 1 AGNs, and the fluxes, flux errors, and S/N of the four narrow lines used in identification of Type 2 AGNs. In addition, we provide a separate catalog of "emission line galaxies", where all four narrow lines used in Type 2 AGN identification have been detected with S/N ≥ 1.0. For the emission line galaxy catalog, we list the TMID, RA, Dec, velocity, spectral source, K s isophotal magnitude, S/N of the spectrum near the Hβ line, SSP reduced χ 2 , and the fluxes, flux errors, and S/N of the four narrow lines.
The line measurements we provide allow the user to construct a customized AGN catalog using different AGN selection criteria. Note that only the SDSS spectra have absolute flux calibration. The fluxes provided for 6dF, FAST, and CTIO can only be used as ratios and not as actual flux measurements. 
AGN DETECTION RATES
In Section 4.4, we discussed lowering the line signal-to-noise (S/N) requirement for the 6dF, FAST, and CTIO spectra relative to the SDSS spectra in order to get closer AGN detection rates. Unfortunately, we cannot lower it until the rates are equal since that introduces too many false positive AGN identifications and systematically higher [N II]-Hα ratios. Consequently, the AGN detection rate is lower in the 6dF, FAST, and CTIO subsamples compared to the SDSS subsample, as seen in Table 2 . In this section, we study the effects of signal-to-noise and spectral resolution on AGN detection rates and Type 1 to Type 2 AGN ratios.
Impact of Spectral Resolution on the Type 1 to Type 2 AGN Ratio
For Type 2 AGNs, especially those which meet the Kewley et al. (2001) criteria, the detection rates for the 6dF, FAST, and CTIO subsamples are similar, roughly half of the SDSS rate. The Type 1 AGN detection rates, however, are very different for the three lower S/N subsamples. Figure 18 shows the Type 1 to Type 2 AGN ratios for the different subsamples. The SDSS value, the benchmark, is shown as a dotted line 5 . We find that the Type 1 to Type 2 ratio increases with spectral bin width, i.e. as resolution decreases, between FAST, CTIO, and 6dF. Since the Type 2 detection rates are roughly the same for the three subsamples, this trend is driven by Type 1 detection rates. This is due to the fact that wider spectral bins effectively act as spectral smoothing, increasing the signal-to-noise of the broad (but low) Hα emission, which can be tens ofÅ wide. In the wavelength range of Hα and [N II], 6dF has spectral resolution ∼3-4 times worse than SDSS. Consequently, although the detection rate for both Type 1 and Type 2 AGNs are lower for 6dF, compared to SDSS, the Type 2 AGNs are preferentially lost at a much higher rate. This leads to a higher Type1 to Type 2 AGN ratio in the 6dF subsample. Table 3 is published in its entirety in the electronic edition of the Astrophysical Journal. A portion is shown here for guidance regarding its form and content. The full table also includes the emission line widths, fluxes, and flux errors of all the AGNs in the catalog.
Impact of Spectral Signal-to-Noise on AGN Detection Rates
Since AGN identification depends on emission line widths and ratios, the S/N of spectral lines affects the detection rates. Further analysis shows that these differences are due to overall, continuum, S/N of the spectrum. While the line S/N is determined by a mixture of spectral quality and the strength of the emission line in a spectrum, the continuum S/N does not depend on the line emission. The continuum S/N is a measure of the noise at a given wavelength, and the ability to detect a line at that wavelength. The left column of Figure 19 shows the AGN detection rate versus continuum S/N for, from top to bottom, Type 1 AGNs, Type 2 AGNs which meet the Kewley et al. (2001) criteria, and Type 2 AGNs which meet the Kauffmann et al. (2003) criteria. Since the continuum S/N is wavelength dependent, we choose to evaluate the continuum S/N between 6350 and 6540Å (near the Hα line) for Type 1 AGNs. For Type 2 AGNs, we use evaluate the continuum S/N between 4660 and 4810Å, i.e. near the Hβ line, since Hβ is the weakest of the four lines used in Type 2 AGN identification.
The AGN detection fraction increases with S/N for all subsamples until a saturation point in the signal-noise-ratio, S/N (6350-6540Å) ∼50 for Type 2 AGNs and S/N (4660-48109Å) ∼75 for Type 1 AGNs, at which point the AGN fraction flattens out. In addition, for S/N above the saturation value, 6dF and SDSS have consistent AGN detection fractions. FAST and CTIO subsamples do not have enough data to evaluate but their behavior is likely similar to 6dF. The similarity of the trend between the different subsamples for the different AGN types indicates that the overall Figure 18 . The Type 1 to Type 2 AGN ratio vs spectral resolution. The dotted line shows the value for SDSS which has higher signal-to-noise spectra and a wavelength dependent resolution. We find that the Type1 to Type 2 ratio increases with lower spectral resolution, i.e. higher FWHM. This is because wider spectral bins effectively act as spectral smoothing, making it more likely to detect the broad Hα which can be tens ofÅ wide. In the wavelength range of Hα and [N II], 6dF has spectral resolution ∼3-4 times worse than SDSS. Consequently, although the detection rate for both Type 1 and Type 2 AGNs are lower for 6dF, compared to SDSS, the Type 2 AGNs are preferentially lost at a much higher rate, leading to a higher Type 1 to Type 2 ratio in the 6dF subsample.
spectral signal-to-noise is driving the AGN detection fraction. If the line S/N cut is changed, all the rates move up and down but the shape of the distribution remains the same.
The right panels of Figure 19 show the distribution of continuum S/N for the four subsamples. As expected, the SDSS sample has the highest overall S/N, while 6dF, FAST, and CTIO show more similar distributions. Consequently, our catalog contains inhomogeneities due to the differences in sky coverage of the subsamples. Figure 20 shows the AGN fractions (the number of identified AGN divided by the number of galaxies in our spectroscopic sample) for our catalog, across the sky (left panel) and in redshift (right panel). In each pixel on the sky and redshift bin, the number of AGNs is the sum of the number of broad line AGNs and the number of narrow line AGNs which satisfy the Kauffmann et al. (2003) criteria. Assuming that AGNs trace the large scale structure in which they are located, the AGNs-to-galaxies ratio should be uniform across the sky and in redshift. In the Southern hemisphere where there are fewer NED (and other missing) galaxies and 6dF dominates the available sample, we find that the AGN fraction is fairly uniform. The dark band traces the Galactic plane which we do not include our sample. In the North, the ratio is highest within the SDSS footprint, as expected given that SDSS spectra are the best among the subsamples, and is lower in other regions. The completeness with respect to redshift is fairly uniform except for the 0.0407 < z < 0.0511 region where the 6dF, FAST, and CTIO spectra are contaminated by the telluric line and we have only the SDSS sample, and beyond the range with the telluric contamination, where 2MRS itself becomes largely incomplete due to the requirement on K s magnitude. Although our AGN catalog has spatial and redshift inhomogeneities as a whole, we find that within each subsample, the AGN fraction is fairly uniform both spatially and in redshift, as shown in Figures 21 and 22 .
The differences in AGN detection rate due to data quality affects not only catalogs which use inhomogeneous data but also analyses which compare results from different surveys. Thus, these effects must be taken into consideration when using any publicly available catalog, depending on the aims of the analysis. Our catalog contains additional . Ratios of the number of identified AGNs to the number of galaxies in our spectroscopic sample, across the sky (left panel, the sky has been divided into 768 equal area regions and the color indicates the AGN fraction), and with respect to redshift (right panel). In these plots, we have combined the broad line AGNs with the narrow line AGNs which satisfy the Kauffmann et al. (2003) criteria. The inhomogeneity across the sky is largely due to the differences in the AGN detection rates of the subsamples; the inhomogeneity in redshift is due to the telluric contamination of 6dF, FAST, and CTIO samples. Figure 21 . The AGN fractions (the number of identified AGNs divided by the number of galaxies with spectra) across the sky (divided into 768 equal area regions), for each spectral subsample. Dark blue indicates pixels with fewer than 10 galaxies in 2MRS. In these plots, we have combined the broad line AGNs with the narrow line AGNs which satisfy the Kauffmann et al. (2003) criteria. The AGN fractions are uniform for each subsample but the average AGN fraction differs between sample with SDSS having the highest and 6dF, FAST, and CTIO having lower fractions.
inhomogeneity and incompleteness due to the missing or telluric contaminated spectra. These are shown in Figure 23 , where we plot the ratio of the number of identified AGNs to the number of galaxies in the parent 2MRS catalog, across the sky and in redshift. In the next section, we develop a method to statistically correct for the inhomogeneities and incompleteness due to the galaxies without spectra and those insufficient spectral signal-to-noise.
A Statistical Correction for Incompleteness and Inhomogeneity Due to Spectral Quality
If this catalog is to be used in a statistical study, e.g. for correlations with the arrival direction of cosmic rays, the incompleteness and inhomogeneities must be accounted for to be able to fully understand the results. We hypothesize that the inhomogeneity and incompleteness (relative to the saturation rate) are primarily due to spectra with low continuum signal-to-noise (S/N). As seen in Figure 19 , the AGN fraction increases with S/N until a saturation value beyond which the fraction remains constant. This qualitative phenomenon is seen for Type 1 and Type 2 AGNs, with both the Kewley et al. (2001) and Kauffmann et al. (2003) criteria, for all the subsamples. Furthermore, after the saturation point, all the subsamples have AGN fractions consistent within error. We statistically recover the AGNs that would have been identified if their spectra had been of sufficient quality as follows:
We parametrize the AGN fraction as a function of the continuum S/N using a linear fit below the saturation S/N value, and a constant above, for Type 1 AGNs and Type 2 AGNs satisfying the Kewley et al. (2001) criteria.
6 In Figure 23 . Ratios of the number of identified AGNs to the number of galaxies in 2MRS, across the sky (left panel, the sky has been divided into 768 equal area regions and the color indicates the AGN fraction), and with respect to redshift (right panel). In these plots, we have combined the broad line AGNs with the narrow line AGNs which satisfy the Kauffmann et al. (2003) criteria. The inhomogeneity across the sky is due the galaxies for which we do not have spectra (corrected for telluric contamination) and to the differences in the AGN detection rates of the subsamples, and that in redshift is due to the telluric contamination of 6dF, FAST, and CTIO samples.
doing so, we obtain the following relations:
where SN 1 (SN 2) is the continuum signal-to-noise for wavelengths 6350-6540Å (4660-4810Å), i.e. near the Hα (Hβ) line, R f T 1 (R f T 2 ) is the AGN fraction for the given galaxy's S/N value for Type 1 (Type 2) AGNs, and R sT 1 (R sT 2 ) is the saturation value for the Type 1 (Type 2) AGN fraction. If a non-AGN has a S/N (6350-6540Å) value above 76, we assign it a Type 1 AGN likelihood of zero. Similarly, if it has a S/N (4660-4810Å) above 50, we assign a Type 2 AGN likelihood of zero. If a galaxy's S/N values near the Hα and Hβ lines are less than the saturation values, we assign likelihoods as follows:
where L sT 1 and L sT 2 are the likelihoods for the galaxy to be a Type 1 and Type 2 AGN, respectively. For galaxies which are not in our spectroscopic sample, we assign the saturation AGN fractions as their AGN likelihoods. The probability for a galaxy to be an AGN is the sum of the likelihoods for Type 1 and Type 2 AGNs. The galaxies identified as AGNs are assigned an AGN likelihood of 1.0. Examples of the likelihood assignments for the non-AGNs and galaxies with missing spectra are given in Tables 4 and 5 , respectively. These likelihoods are intended to statistically correct for both the inhomogeneity and incompleteness. If different criteria are used for identifying AGNs, e.g. different line S/N, this analysis should be repeated to assess the incompleteness and inhomogeneity. Figure 24 shows the number of AGNs (Type 1 and Type 2 satisfying the Kewley et al. (2001) criteria) divided by the number of galaxies in 2MRS, i.e. the AGN fraction, across the sky (left) and with respect to redshift (right). In the top plots, the number of AGNs is simply the number which pass the emission line criteria. These identified AGNs are inhomogeneous across the sky and in redshift. In addition, the ratios across the sky and in redshift are below the saturation value, set to be the maximum of the range. In the bottom plots, the number of AGNs is defined as the sum of the AGN likelihoods. The ratio of these "statistical" AGNs to the number of galaxies in 2MRS is uniform across both the sky and in redshift. Additionally, the ratios fall around the saturation value, now in the middle of the plotted range. Therefore, the AGN likelihoods statistically compensate for the inhomogeneity and incompleteness of the identified AGNs due to spectral quality and can be used in statistical studies. The analysis also identifies galaxies whose AGN status needs to be clarified with higher quality spectroscopy in order to have a complete and homogeneous AGN catalog.
This result validates the assumption that the inhomogeneity and incompleteness are dominated by spectral quality. Furthermore, these results indicate that, in order for an optical catalog to be complete, the spectra should have S/N (6350-6540Å) 76 and S/N (4660-4810Å) 50. The higher S/N requirement for Type 1 is consistent with the fact that the broad lines typically have lower peaks than narrow lines, and are harder to distinguish from the noise. Figure 24 . Ratios of the number of AGNs to the number of galaxies in 2MRS, across the sky (left panels, the sky has been divided into 768 equal area regions and the color indicates the AGN fraction), and with respect to redshift (right panels). In these plots, we have combined the broad line AGNs with the narrow line AGNs which satisfy the Kewley et al. (2001) criteria. The top plots show the AGN fractions with the AGNs satisfying the emission line criteria. We have set the AGN saturation value as the maximum for the plotted ranges. The bottom plots show the AGN fraction where the number of AGNs is defined as the sum of the AGN likelihoods. The statistically enhanced catalog has a homogeneous AGN fraction across the sky and in redshift, as expected assuming that AGNs trace large scale structure. The ratios also fall around the saturation value, now in the middle of the plotted range, indicating that the incompleteness has also been statistically accounted for.
CONCLUSIONS
We have constructed an all-sky catalog of nearby AGNs, uniformly selected from the parent sample of 2MRS galaxies and classified using optical spectra. The catalog consists of 1929 broad line AGNs and 6562 narrow line AGNs which satisfy the Kauffmann et al. (2003) criteria, of which 3607 also satisfy the Kewley et al. (2001) . For each AGN and Table 4 is published in its entirety in the electronic edition of the Astrophysical Journal. A portion is shown here for guidance regarding its form and content. The full table also includes the emission line fluxes and errors of all the non-AGN galaxies.
emission line galaxy, we report the line widths, fluxes, flux errors, and signal-to-noise ratios fo the AGN identification lines, enabling the user to customize his/her own AGN catalog. We also provide an assessment of the completeness and homogeneity of our catalog across the sky and in redshift. Although we start with a homogeneous, complete parent sample and we process the spectra uniformly, inhomogeneity remains because we have different subsamples whose spectra were taken with different instruments, which have different spectral resolution and signal-to-noise. The differences in data quality affect not only the overall AGN detection rate but also the broad line to narrow line AGN ratio. We find that a spectrum should have a continuum signal-to-noise 75 ( 50) near the lines of interest in order to have full efficiency for detecting Type 1 (Type 2) AGNs. If an analysis needs individual AGNs, e.g. for extragalactic water maser searches, this catalog can be used as is or customized with different selection criteria using the spectroscopic measurements provided. The Kauffmann et al. (2003) criteria selects the galaxies with any AGN contribution while the Kewley et al. (2001) criteria selects those with emission lines dominated by emission from AGN activity. Increasing the signal-to-noise requirement will improve the purity of the sample at the expense of the completeness and homogeneity. If the catalog is to be used in a statistical study, e.g. for correlations with the arrival directions of ultra-high energy cosmic rays, the incompleteness and inhomogeneity must be taken into account.
In order to make this catalog better suited for statistical studies, we have assigned Type 1, Type 2, and total AGN probabilities for the non-AGNs in our spectroscopic sample and for the 2MRS galaxies for which we do not have telluric corrected spectra. After these corrections, the AGN fractions are uniform across the sky and in redshift. This catalog is thus suitable for statistical studies. The analysis also paves the way for a truly complete and homogeneous nearby AGN catalog by identifying galaxies whose AGN status needs to be verified with higher quality spectra, quantifying the spectral quality necessary to do so. This work also underscores the importance of accounting for differences in spectral quality and resolution before comparing the AGN detection fractions and Type 1 to Type 2 AGN ratios and from different optical AGN surveys and when conducting populations studies of AGNs from available catalogs.
